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o Story: Tools: Accelerators

o Push, Push, Push the Particle
o Push, Push, Push the Particle (Shockwave-Intro 1)
0 Push, Push, Push the Particle (Shockwave-Intro 2)
0 Push, Push, Push the Particle (Shockwave-Intro 3)
o Push, Push, Push the Particle (Shockwave-Intro 4)
0 Push, Push, Push the Particle (Shockwave)
0 Push, Push, Push the Particle (Shockwave)
o Push, Push, Push the Particle (Shockwave-Doubl€)
o Push the Particle - End
o Student Results

o Racefor Energy

o Racefor Energy (Shockwave)

o Racefor Energy (2)(Shockwave)

o Race for Energy (Shockwave-Double)
Student Results
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Accelerators Story Page

‘ Accelerators Give Particles Oomph 8
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The instruments that particle physicists use for their studiesinclude
accelerators, detectors and powerful computers. Accelerators give
the protons enormous energy. To study very small particles
scientists need very high-energy protons and very big accelerators.
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Push, Push, Push the Particle

Push, Push, Push the Particle

o You don't
Physicists use ol
the linac (linear Get itl

accelerator) fo push | This activity needs Shockwave. If
particles fo very you don't see the animation above,

SHOC AVE

Learn how!

Warp Speed

Web Maintainer: ed-webmaster @fnal.gov

Shockwave Movie by Vishesh Narayen, IMSA and Liz Quigg, Fermilab
Last Update: May 11, 2000

http: //mww-ed.fnal .gov/proj ects/fer milabyrinth/games/war pspeed/linac/activity.html
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Push, Push, Push the Particle

Skip Introduction

'ﬁ'
Farca of tha
alactne field

Watch the purple particle as the force of the electric field pushes it forward and backwrard,
The arrows depict the force of the electric field, so pay close attention to them.
Can you see that it always starts with the same velocity?

arp Speed
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Push, Push, Push the Particle (Shockwave-Intro 1)

Skip Introduction

By adding shielding tubes, physicists shield the particle from the farce of the electric field.
Motice how the particle is affected by the force of the electric field
only when it is outside of the shielding tube.
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Push, Push, Push the Particle (Shockwave-Intro 3)

Push, Push: Push

Skip Introduction

You can mowve and resize the shielu:ling tube bj,r draging itand using the resize buttan.
Catch the particle in the shielding tube when the force of the electric field iz pointing backwards.
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Push, Push, Push the Particle (Shockwave-Intro 4)

Push, Push
Particle

Skip Introduction

Using this concept, physicists can accelerate particles to very high welocities and energies.
To de this. they must shield the particle when the force of the electric field would slow it down,
and leawe it in the open when it would receive a push from the electric field.

@ This iz exactly how linear accelerators work! Click Next to run your own trials. m
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Push, Push, Push the Particle (Shockwave)

Push, Push
Particle

Skip Introduction

Using this concept, physicists can accelerate particles to very high welocities and energies.
To de this. they must shield the particle when the force of the electric field would slow it down,
and leawe it in the open when it would receive a push from the electric field.

@ This iz exactly how linear accelerators work! Click Next to run your own trials. m
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Push, Push, Push the Particle (Shockwave)

Trial ¥Yelocity Readout Yalues
lamber 12 3 Push, Push, Push g7

ab.2? B68.54 10490

g
1 T06.79 :
Z 5627 6854 10490 106.79 the Particle ELS

Study your data and answer the
following question.

Tao keep accelerating the particle
as it travels further down the
Tinaz, the =shielding tubes should:

{1 get successively Tonger,
&l be the same size.
1 get successively shorter.

| Marme :

Flease explain your answer.

Shielding Tube Setup For:Trial

Above are the results of all the trials you have done. Click on a trial number to see

question and click ATl Done to open a printable results page where you will receive the Einstein bucks that you have earned.

Warp Speed

FEaS Sfammanns  ad- s il pese
Lorr Lipdate s, FERR A Fivhach Muasan soufatdeiined g
A EEEed A posiirer it d ot e Frarireed i i San’

H
S

v
W
L
L
v
v
v

its plot. In the fields abowe, you should enter
your narne it needed and write a few sentences about your understanding of this activity. Then answer the short multiple-choice
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Push, Push, Push the Particle (Shockwave-Double)

W ould you like to try to double your score?

The Information

As you saw in the activity, physicists use many small kicks to give the particle the very high
energy that they want. However, you might have asked yourself why the electric field is not
set up to always give the particle a forward push. Well, to do that, the linac would have to
maintain a very high voltage difference for a long period of time. The amount of energy
required to do that is unreasonably large, so the physicists had to think of a different way.
Instead of giving one large push, they thought, why not give many small pushes to accelerate
the particle. The easiest way to give many small, forward pushes was to have an alternating
electric field, but an alternating electric field gives backward pushes as well, so that is where
the shielding tube came in. Physicists refer to the shielding tubes as 'drift tubes', because the
particle drifts through them.

The Problem

Before the particle enters the linac, it has an energy of 750 keV, or kilo-electron Volts (kilo- is a
prefix that means 1000). By the time it leaves the linac, physicists must accelerate it to an
energy of 116 MeV, or mega-electron Volts (mega- is a prefix that means million). How many
times greater is the energy the particle has when it leaves the linac than the amount of energy

it has when it enters the linac? A
About 1.5 15 3150 1500 15000

Warp mpeed
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Push the Particle - End

Congratulations! Y ou earned Einstein Bucks in Push, Push,
Push the Particle!!

Now do you know how the Linac below works?
Y ou can print your bucks or go back to Warpspeed.

Print Y our Bucks

=5 Warp Speed

Go Back

Web Maintainer: ed-webmaster @fnal.gov
Last Update: May 17, 2000
http://www-ed.fnal.gov/projects/fermilabyrinth/games/lawnorder/natures_scale/done_linac.html
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Push the Particle - End

Marilyn Fox's Printable Results From Push the Particle

Trial Velocity |Velocity (Velocity |Velocity Relative
Number 1 2 3 4 Energy
| 1 | 53.95| 3435 113.EEI| 1UE.?T| 23 |?

[See The High Scnresl

Best Trial Configuration

- .

Marilyn Fox's answer to the question:

To keep accelerafing the parficle, the drift fubes have fo. gef longer

Good job! You got the answer right. As the particle speeds up, it travels a greater
clistance in the same amount of time. 5o in order to shield the particle for a gien
arnount of time, the chift tube will have to get longer as the particle speeds up.

Marilyn Fox's explanation for his answer:

Going faster requires longer tubes.

Congratulations! You succeeded in donubling your Einsteint bucks!

http://www-ed.fnal.gov/projects/labyrinth/games/warpspeed/linac/screens/linac_results.html [10/5/2001 3:18:37 PM]



Race for Energy

Race for Energy

Physicists "hae Find out by
IS Shock ind o
accelerate particles Getitl racing balls down

wo fracks,
Dbaerve their

speed and

to high energies.
What does it
méan o

accelerate?

This activity needs Shockwave. If
you don't see the animation above,

click e |
SHOC AVE
fiox.

Go to Game

Warp Speed

Web Maintainer: ed-webmaster @fnal.gov

Last Update: Dec. 23, 1998
http: //mww-ed.fnal .gov/proj ects/fer milabyrinth/games/war pspeed/race_for_energy/activity.html
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Race for Energy (Shockwave)
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Race for Energy (2)(Shockwave)

Trial 1 Trial Angle  Speed {meters/sec) at Positions  Relative
= Humber (deqg.) 1 z 3 4 Energy
&2 1 1z 11.73 1325 14.61 15.86 71.98
v Q-9 H 1§ 12.49 1457 16.40 18.03 94.07
2y
. eeeS

0

u] 20 40
Distancel meters)

°a¢c91erating J not accelerating

Above are the results of all the trials you have done. Click on a trial number to see its plot.
In the fields below, enter your narme if needed and write what you have learned about the
relationship between acceleration and energy. Click ATl Done to open & printable results page.

Mame: Mary Marks Study the graphs above and answer
this question correctly for 100
Einstein Bucks:

Energy Meters

Fleaze enter a thoughtful response below.

{1 Enormous Speed
{1 A Change In Speed

gcceleration is:

Warp Speed
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Race for Energy (Shockwave-Double)

W ould you like to try to double your score?

@O O
The Information

In Race for Energy, the force of gravity
accelerates the ball as it moves down the

"\‘ = MAIN INJECTOR

track. In the Fermilab accelerators, the TEVATRON b,“{

force of an electric field accelerates = ::;-;—-4:__“\. %

charged particles (first hydrogen ions in / R TR ‘_)

the Cockroft Walton and the Linear i:“x \““e&%x 7

Accelerator (Linac), and then protons in ‘\“\\‘x \ ﬁ}ihgm'lm:‘m”

the Booster, Main Injector, and the S ik aes)

Tevatron). In the last three stages of the ‘“‘*»-.“':;L _____,;;’“l N[} BOOSTER

accelerator, physicists use magnets to Rree— s G UNAC

bend the path of the protons to keep them T COCKCROFT-WALTON

moving in a circle. Antiprotons travel in __,,-:;:If-'-f o

the direction opposite to the protons. '"--_..e;';f-;"# Antiproton  Proton

The Question e ;i#:’f Direction Direction

What force accelerates the particles in the &4

Fermilab accelerator?

2 Electric Force O Gravity (O Magnetism
Sarp wpeed
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Student Results

Mary Loomis's Printable Results From Race For Energy

Trial Positon |[Position |[Pesiton [Poesition Relative
Number 1 2 3 4 Energy
| | | 12| 11.?3| 13.25| 1481 | 15.Eﬁ| 1.7
| 2| 16| 12.25| 14.15| 15.84| 1?.34| 3783

[See The High Scures]

Mary Loomis's Thoughtful Response about the
Relationship between Acceleration and Fnergy:

More acceleration means more energy.

Mary Loomis's Answer To The Question:

Accelerafion is: a change in speed

Good job! You got the answer nght. Acceleration is a change m the speed of
something. It 15 even possible to calculate the acceleration once you know what
forces are acting upon the ball ancd the angle that it is travelling at. In this case,
gravity was pulling the ball dowy, and we knew the angle that it was travelling at,
zo we could caleulate the speed at any moment.
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